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THE UNIVERSITY OF LIVERPOOL et al.

1. [X] The applicant is hereby notified that the Intemational Search Report has been established and is transmitted he rewith.

Flitng of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the Intemational Application (see Rule 46):

When? The time limit for filing such amendments is nomally 2 months from the date of transmittal of the
Intemational Search Report; however, for more details, see the notes on the accompanying sheet.

Where? Directly to the International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland
Fascimile No.: (41-22) 740.14 .35

For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no Intemational Search Report will be established and that the deciaration under
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applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Further action(s): The applicant is reminded of the following:

Shortly after 18 months from the priority date, the international application will be published by the international Bureau.
It the applicant wishes to avoid or postpone publication, a notice of withdrawal of the interational application, or of the
priority claim, must reach the Intemnational Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, before tha
completion of the technical preparations for international publication.

Within 19 montha from the priority date, a demand for intemational preliminary examination must be filed if the applicant
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later).

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase
before all designated Offices which have not been elected in the demand or in a later elaction within 19 months from the
priority date or could not be elected because they are not bound by Chapter il.
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NOTES TO FORM PCT/ISA/220

These Notes are intended lo give the basic instructions conceming the filing of amendments under articie 19. The
Notrs are based on the requirements of the P atent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy betwsen these Notes and those requirements, the latter are applicable. For more
detsied information, see aiso the PCT Appiicant’s Guide, & publication of WIPO.

in these Notes, “Article®, "Rule”, and "Section® refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the itemational search report, one opportunity to amend the olaims of the
intemational application. it should however be smphasized that, since ali parts of the international application (olasims,
description and drawings) may be amended during the intemational preliminary examination procedure, there is usually
no need to file amendments of the claims under Article 19 except where, #.9. the applicant wants the latter to be published
for the purposes of provisional protection or has another reason for, amending the claims belore imtemational pbulication.
Furthermore, it should be emphasized that provisional protection is available in some States only.

What parts of the intemational application may be amended?
Under Article 19, only the claims may be amended.

During the international phase, the daims may aiso be amendaed (or further amended) under Articie 34 before
the Intemational Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 before the intemational Examining Authority.

Upon entry into the national phase, all parts of the intemational application may be amended under Articie 28
or, where applicable, Article 41.

When? \Mthin2momhl'romhdﬂ-oltmmﬂldolhhhmdiondumhnpodoﬂsmmfmmlhoprioriy
date, whichever time imit expires later. Rt should be noted, however, that the amendments will be considersd
-hnvingboonnooiv-dontimoiﬂhoynmoiv.dbyth.lnhmlﬁondBuo.unﬂorthooxp’rﬂiondtho
applicable time limit but before the compietion of the technicat preparstions for iftemnational publication
(Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the Intemational Bureau and not with the receiving Office or the
Intemational Searching Authority (Rule 46.2).

Where a demand for intemational preiminary sxamination has been /s filed, see below.

How? Eilhorbyomoouinqomormm&-ddmbylddngmumonnmdu‘rmorby.mondnglhohxto'
one or more of the claims as filed.

Amwmmmuummwm.mmutmdumm,m account of an amendment or
amendments, differs from the sheet originaily fled.

All the cisims appearing on a replacement sheet must be numbersd in Arabic numerals. Where a olaim i
canodbd,mnmboﬁnqofmmcmbnqumlnaleu“whmdim-nmd,moymuu
be renumbered consecutively (Administrative Instructions, Section 205(b)).

The amendments musi be made in the language in which the intsmational application Is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must bes submitted with a letter.

The letter will not be published with the intemational application and the amended claims. it should not be
confused with the "Statement under Article 19(1)” (see below, under "Statement under Article 19(1)°).

The letter must be In English or French, at the choice of tha spplicent. However, if the language of the
international application is English, the letter must be In English; i the language of the intemational application
is French, the letter must beo In French.

Notes to Form PCTASA/220 (first sheet) (January 1994)




NOTES TO FORM PCT/ISA/220 (continued)

The istter must indicate the differances between the claims as filed and the claims as amended. } must, in
particutar, indicate, in connection with each claim appearing in the international appiication (it being understood
that identical indications conceming several claims may be grouped), whether

(i) the claim is unchanged;

(i) the olaim is cancelled;

() the oclaim is new;

(iv) the claim replaces ons or more claims as filed;

(v) the claim is the result of the division of a claim as filed.

The foliowing esxampies ilustrate the manner in which amendments mustbe sxplained In the
accompanying ietter:

1. [Where originally thers were 48 claims and after amendment of some claims there are §1}):
“Claims 1 to 29, 31, 32, 34, 35, 37 lo 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. [Where originally there were 15 claims and after amendment of all olaims there are 11]:
“Claims 1 to 15 repiaced by amended claims 1 to 11.°

3. [Whaere criginally there were 14 claims and the amendmants consist in cancelling some claims and in adding
new claima]:
“Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
“Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.®

4. [Where various kinda of amendments are made}:
*Ciaims 1-10 unchanged; olaims 11 to 13, 18 and 19 cancelied; claims 14, 15 and 16 replaced by amended
claim 14; olaim 17 subdivided into amended claima 15, 16 and 17; new claims 20 and 21 added.”

“Statement under article 19(1)" (Rule 46.4)

ﬂnlmomlmutnm-yb-mpaniodbynudmmawmhmmwhdﬂmwhpd |
that such amendments might have on the deacription and the drawings (which cannot be amendad under
Article 19(1)). .

The stslement will be published with the intemational application and the amended claime.
& must be in the language In which the international appplicstion is to be published.
it must be brief, not exceeding 500 words if in English or if transisted into Enghsh.

it should not be confused with and does not repl ace the letter indicating the differences between the claims
as fied and as amended. it must be filed on a separate sheet and must be idertified as such by a heading,
preferably by using the words “Statement under Article 19(1)."

& may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given clalm, contained in the intemational search
report may be made only in connection with an amendment of that olaim.

Consequence Hf a demand for intemational preliminary examination has already been filed

if, at the time of filing any amendments under Articie 19, a demand for international praliminary sxamination
has already been submitted, the appiicant must preferably, at the same time of filing the amendments with the
International Bureau, aiso file a copy of such amendments with the intemational Preliminary Examining
Authority (see Rule 62.2(a), first sentence).

Consaguencs with regard to trensiation of the international application for entry into the national phase

The applicant’s attention is drawn to the fact that, where upon entry into the national phase, a transtation of the
olaims as amended under Articie 19 may have to be furnished to the designated/slected Offices, instead of, or
n addition to, the iransiation of the claims as filed.

For further details on the requirements of each designated/elected Office, see Voluma il of the PCT Appiicant's
Guide.

Notes to Form PCTASA/220 (second sheet) (January 1994)
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INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’ t's file ref Notificat fT ittal of int tional S h Report
pPUcants or agents Mle reference PO PR THE R IS 220) 35 welr a5, Where aranm oot

DIH/P994 66WO0 ACTION

International application No. Interational filing date (day/month/year) (Earliest) Priarity Date (day/month/vear)

PCT/GB 99/ 00765 15/03/1999 13/03/1998

Applicant

THE UNIVERSITY OF LIVERPOOL et al.

This Intemational Search Report has been prepared by this Intemational Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the Intemational Bureau.

This Intemational Search Report consists of a total of 3 shaets.
Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report R
a. With regard to the language, the intamational search was carried out on the basis of the intemational application in the
language in which it was filed, uniless otherwise indicated under this item.

the intemational search was carried out on the basis of a transiation of the intemational application fumished to this
Authority (Rule 23.1(b)).

b. With regard to any nucieotide and/or amino acid sequence disclosad in the intemational application, the international search
was carried out on the basis of the sequence listing :

contained in the intemational application in written form.

filed together with the intemational application in computer readable form.
fumnished subsequently to this Authority in written form.

fumished subsequently to this Authority in computer readble form.

the statement that the subsequently fumished written sequence listing does not go beyond the disciosure in the
international application as filed has been fumished.

the statement that the information recorded in computer readable form is identical to the written sequence listing has been

00 0O 00000

fumished
2. Certain claims were found unsearchable (See Box |).
3. Unity of invention s lacking (see Box I1).

4. With regard to the title,
[I] the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,

[E the text is approved as submitted by the applicant.

D the text has been established. according to Rule 38.2(b). by this Authority as it appears in Box Ili. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is Figure No.
[:] as suggested by the applicant. m None of the figures
D because the applicant failed to suggest a figure.
D because this figure better characterizes the invention.

Form PCT/ISA/2 10 (first sheet) (July 1998)
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International Application No

PCT/GB 99/00765

CLASSIFICATIO SUBJECT MATTER

A. N
IPC 6 HO1lJ

According to 'ntemational Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbois)

IPC 6 HO1lJ

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fieids searched

Electronic data base consulted during the internationat search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANY

Category * | Citation of document. with indication. where appropriate, of the relevant passages Relevant to claim No.
‘/
X EP 0 399 299 ejilBM) 28 November 1990 1-3
see page 3, line 48 - line 56; claims
13-18
see page 5, line 1 — line 12
X (6B 2 233 334 A)(EXITECH LTD) 1

9 January 1991
see page 7, line 4 — line 12; claims 1,8

A WO 95 28742 A)(UNIAX CORP)<36 October 1995) 1
see page 33 - page 35; claims 1,4,6;
example 6

A EP 0 540 839 A KMATSUSHITA ELECTRIC IND CO 1

TD) 12 May 1993
see claims 1,7

—f =

m Further documents are listed in the continuation of box C. E Patent family members are listad in annex.

* Special categories of cited documents :
“T* later document published after the international filing date

or priority date and not in conflict with the appiication but

"A° document defining the general state of the art which is not p e ;
considered 1o be of particular relevance ;n::'::’:ndaruand the principle or theory underlying the
“E" earlier document but published on or after the international *X* document of particular relevance: the claimed invention
filing date cannat be considerad novel or cannot be considered to
"L dochug\‘em wt;iddt may t&r:hw gubt; on priorgy cla"m(s) :r involve an inventive stap whan the document is taken aione
which is cited to eatablish the publication date of another 'Y* document of particular rsievance; the claimed invention
chtation or other special reason (as specified) cannot be considemad to involve an inventive step when the
*0O" document referring to an oral diaclosure, uss, exhibition or document is combined with one or more other such docu-
other means mants, such combination being obvious to a person skifled
"P* document published prior to the intemational filing dats but in the art.
iater than the priority date caimed "&" document member of the same patent famity
Dats of the actual compietion of the intemational ssarch Date of mailing of the international search report
25 May 1999 11/06/1999
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

2 Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, VAN DEN BULCKE , E

Fax: (+31-70) 340-3016

Form PCTASAR10 {(second sheet) (July 1992)
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C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication where appropnate, of the relevant passages

Relevant to clam No

A

P,X

P,X

ASANO T ET AL: "FIELD EMISSION FROM ION
IRRADIATED PHOTORESIST"

15 June 1997 , JAPANESE JOURNAL OF APPLIED

PHYSICS, VOL. 36, NR. 6B, PAGE(S) L818 -
L820 XP000732171
see page L818 - page L820

I.MUSA ET AL.: "ULTRA- LOW-THRESHOLD
FIELD EMISSION FROM CONJUGATED POLYMERS”
NATURE,

vol. 395 24 September 1998, pages
362-365, XP002103577

see page 362 - page 365

I.MUSA ET AL.: "ANALYSIS OF LOW THRESHOLD

FIELD-EMISSION FROM CONJUGATED POLYMERS
FOR DISPLAYS"

INTERNATIONAL ELECTRON DEVICES MEETING,
IEDM 98 TECHNICAL DIGEST,December 1998
pages 867-869, XP002103578

see page 867 - page 869

PATENT ABSTRACTS OF JAPAN
vol. 015, no. 498 (E-1146),

17 December 1991
A> (RICOH CO LTD),

24 September 1991
see abstract

1,15

1,15

Formn PCTASAR10 (continuation of second shest) (July 1992)
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Information on patent family members

International Application No

PCT/GB 99/00765

Patent document Publication Patent family Publication

cited in search repon date member(s) date

EP 0399299 A 28-11-1990 us 5198153 A 30-03-1993
JP 2657956 B 30-09-1997
JP 3088819 A 15-04-1991
us 5721299 A 24-02-1998
us 5202061 A 13-04-1993
us 5200112 A 06-04-1993

GB 2233334 A 09-01-1991 NONE

WO 9528742 A 26-10-1995 us 5563424 A 08-10-1996
AU 2127895 A 10-11-1995
EP 0755575 A 29-01-1996

EP 0540839 A 12-05-1993 JP 5087559 A 06-04-1993
DE 69212113 D 14-08-1996
DE 69212113 T 21-11-1996
us 5353632 A 11-10-1994

Form PCTASA/210 (patent tamily annex) July 1992)
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of manufacture in suitable form for usc in a field cmission display.

In accordance with a first aspect of the present invention, there is provided a
ficld cmission cathode comprising polymer material forming a ficld cmission surface.

The inventors have fortuitously (and most unexpectedly) discovercd that
polyrer materials can be manufacturcd giving high electron emission. Polymer
materials can be formed by known techniques into uniform cathodcs, which may be
large in area, and can be highly stable. Exclusion of oxygen is considcred uscful for
the stability of the matenjal.

it is particularly preferred that the polymer is a canjugated polymer material.
Conjugated polymers typically have high density of frec elecirons. Most polymer
films are p type with few frcc clectrons: the substraie of the cathode can jtself

contribute elcctrons.

Such matenals are known for other applications in electronics, which utilise

semiconductor type properties of certain conjugated polymers. The usual
applications proposed for conjugated polymers - eg. in light emitting strucrures,
photocopiers, photodetectors and thin film transistors - do not require the material to
have a low work funcrion, and it is believed that this property of such materials has
not hitherto been utilised. Thc present inventors have found that some such
polymecric materials are capable of producing very high stecady state ficld cmission
currents with the threshold field needed to initiate field emission being smaller than

for any other so far reported.

It is esperially preferred that the polymer material is a substituted
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the grid and a luminescent screen, wherein electrons are selectively emitied from the
cathode under the influence of the grid and then accelerated onto the screen with
sufficient energy to cause jt 10 Juminesce by the acceleration anodc.

In accordance with a third aspect of the present invention, there is a method
of fabrcating a field emission cathode comprising forming a layer comprising
polymer marerial on a substrate, the polymer material forming a field emnission
surfacc of the cathode.

The polymer material may be any of the polymcr materials referred to above
with respect to the first aspect of the invention.

Specific embodiments of the present invention will now be described, by way
of example only, with reference to the accompanying drawings, in which:-

Fig. 1 is a graph of nonmalised or average field emission cumrent density (on
a logarithmic scale of Acm? on the vertical axis) against applicd voltagc for a
cathode embodying the present invention;

Fig. 2a is a graph of normalised field emission current density from a cathode
according to the present invention in A em? and a.lognriﬂxmic scale on the vertical
axxs against normalised applied electric field on the horizontal axis, measured in
volts per jum. Results are shown for three anaode-cathode spacings, the left-most line
being for a spacing of 27um. the middle line for 47um and the right-most line for
130pnm;

Fig. 2b is a graph of normalised ficld cmission current density from a cathode

according to the present invention in A cm™ and a logarithmic scalc on the vertical
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CLAIMS
1. A ficld emission cathode comprising polymer material forming a field
ernission surface.
2. A field emission cathode as claimed in claim 1, wherein the polymer
material comprises a conjugated polymer.
3. A ficld cmission cathode as claimed in any preceding claim wherein the
polymer material is a substituted polythiophene.
4. A fleld emission cathode as claimed in any preceding claim wherein the
polymer material comprises a polyalkylthiophene.
5. A field emission cathode as claimed in any preceding claim wherein the
polymer material comprises poly-3-octylthiaphene.
6. A ficld emissjon cathode as claimed in any preceding claim wherein the
polymer material is formed as a laycr on a substraie.
7. A field emission cathode as claimed in claim 6, wherein ﬂhe polymecr

material layer is formed from a polymer solution which js distributed on the

substrate, the solvent being svaporated during manufacture to leave behind the
polymer layer.

8. A field emission cathode as claimed in claim 7, wherein the solvent is
cvaporated under vacuum.

9. A field emission cathode as claimed in claim 7 or claim 8, wherein the

surface of the polymer layer comprises voids which are formed by solvent

cvaporation.
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10. A field emission eathode as claimed in any of claims 1 to &, whereivn the
surface of the polymer material is shaped by use of a mould.

11. A field emission cathode as claimed in claim 10 whercin the moulded
shape of the polymer material surface comprises projections which promote field
emission.

12. A field emission cathode as claimed in any preceding claim, wherein the
polymer material is doped with an alectron donor material,

13. A held emission display comprising a field emission cathode as claimed
in any preceding claim.

14. A ficld cmission display dcvicc as claimed in claim 13, comprising a
first anode scparated from the cathodc such as to be capablec of causing ficld cmission
therefrom, a second anode positioned beyond the first anode and a luminescent
screen, whersain electrons are selectively emitted from the cathode under the influence
of the first anode then accelcrated onto the screen with sufficient energy o cause it
10 luminesce by the second anode.

15. A method of fabricating a ficld cmission cathode comprising forming a
laycr comprising polymor matcrial on a substrate, thc polymer material forming a
field emission surface of the cathode.

16. A method as claimed in claim 15, wherein a polymer solution is

distributed on the substrate and the solvent is evaporated to leave behind the polymer

layer.

17. A method as claimed in claim 16, wherein the solvent is evaporated under
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vacuuirrl.

18. A method as claimed in any of claims 16 to 18, comprising the further

step of shaping the surface of the polymer material by use of a mould.

do2s
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT
(PCT Article 36 and Rule 70)

Applicant's or agents file reference See Notification of Transmittal of International
P99466WO FOR FURTHER ACTION  preiiminary Examination Report (Form PCT/IPEA/416)
International application No. International filing date (day/month/sear) Priority date (day’month/year)
PCT/GB99/00765 15/03/1999 13/03/1998

International Patent Classification (IPC) or national classification and IPC

HO01J1/30

Applicant

THE UNIVERSITY OF LIVERPOOL et al.

1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority
and is transmitted to the applicant according to Article 36,

2. This REPORT consists of a total of 5 sheets, including this cover sheet.

R This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have
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1. This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in
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1/6-6/6 as originally filed
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O the description, pages:
O the claims, Nos.:
O the drawings, sheets:
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty (N) Yes: Claims 1-17
No: Claims
Inventive step (1S) Yes: Claims 1-17

No: Claims

Industrial applicability (IA)  Yes: Claims 1-17
No: Claims

2. Citations and explanations

see separate sheet

VIl. Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet
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1. DNovelty:

The field emitter described in Dl=Asano et al.: "Field Emission
From a Photoresist" (Jpn. Appl. Phys. Vol. 36, 1997) is
considered as the closest prior art concerning the field
emission cathode according to the present claim 1. The field
emitter described in D1 is based on photoresist material.
Electroconductivity of the photoresist layer is obtained with
argon ion implantation.

The present subject-matter (see independent claims 1 and 14)
differs from the known field emitter in that the emissive
material is a conjugated polymer.

The subject-matter of claims 1 and 14, and of the respective
dependent claims, is therefore new (Article 33.2 PCT) .

2. Inventive step:

Dl mentions that photoresist may be carbonized by ion
irradiation, causing an appreciable electroconductivity, it is
unclear, however, whether such photoresist material may be used
as field emitter material. The composition of the photoresist is
not given in D1. In any case, there is no suggestion in D1 to
use conjugated polymers.

D2=EP-A-540839 discloses a probe for an scanning tunnelling
microscope. Figure 1b shows a monolayer of a conjugated polymer
(polythiophene) bonded to a tungsten tip (1). This is, however,
clearly not a field emission cathode according to the
terminology used in the present technical field. Ther is no
indication to use the mentioned material in a field emission
cathode.

D3=WO-A-95/28742 shows the use of conductive polymer grids in
triode structures. The polymer itself serves to control the
charge carrier transport (see eg. page 14, lines 27-34; page 27,
line 239, to page 28, line 8) . The cathode, however, is a
metallic conductor (see €g. page 16, lines 24-34; page 23, line
23, to page 25, line 21; page 36, lines 15-27). The discussion

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-Aprit 1997)
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in Example 6 {page concerning field emission is concerns charge
injection into an active material in contact with the polymer
rather than emission into the vacuum (see page 7, lines 19-25).
It is considered that this does not indicate that the conductive
polymer could be used as a field emitter cathode.

The following documents are less relevant:
D4=EP-A-0399299 is concerned with electroconductive polymeric
materials, a part of which are conjugated polymeric materials.
However, there is no indication to use these materials in field
emission devices. D2 proposes that the polymers may be used as
conductive layers to prevent charge build-up or for
electromagnetic shielding (see eg. page 3, lines 6-17).
D5=GB-A-2233334 describes a field emission cathode obtained by
irradiating an electroconductive polymer layer with a laser so
as to produce a rough surface with a high density of cone-shaped
erosions. The polymer is apparently not used as emitter
material, because its surface is metallized in order to obtain a
field emitting surface (see page 7, 2nd paragraph) .

None of the cited documents Suggests the use of a conjugated
polymer as emissive layer in a field emission cathode.
Therefore, claims 1 and 14, and claims 2-13, 15-17, dependent
thereon, involve an inventive step (Article 33.3 PpcT).

3. Industrial applicability of the claimed subject-matter is
obvious (Article 33.4 PCT) .

4. The relevant state of the art (D1) should be cited in the
description (Rule 5.1.a.ii PCT) .

* k %k Kk ok
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of manufacture in suitable form for use in a field emission display.

In accordance with a first aspect of the present invention, there is provided
a field emission cathode comprising conjugated polymer material forming a field
emission surface.

The inventors have fortuitously (and most unexpectedly) discovered that

polymer materials can be manufactured giving high electron emission. Polymer
materials can be formed by known techniques into uniform cathodes, which may
be large in area, and can be highly stable. Exclusion of oxygen is considered
useful for the stability of the material.

Conjugated polymers typically have high density of free electrons. Most
polymer films are p type with few free electrons; the substrate of the cathode can
itself contribute electrons.

Such materials are known for other applications in electronics, which
utilise semiconductor type properties of certain conjugated polymers. The usual
applications proposed for conjugated polymers - eg. in light emitting structures,
photocopiers, photodetectors and thin film transistors - do not require the material
to have a low work function, and it is believed that this property of such materials
has not hitherto been utilised. The present inventors have found that some such
polymeric materials are capable of producing very high steady state field emission
currents with the threshold field needed to initiate field emission being smaller
than for any other so far reported.

It is especially preferred that the polymer material is a substituted

AMENDED SHEET
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the grid and a luminescent screen, wherein electrons are selectively emitted from
the cathode under the influence of the grid and then accelerated onto the screen
with sufficient energy to cause it to luminesce by the acceleration anode.

In accordance with a third aspect of the present invention, there is a
method of fabricating a field emission cathode comprising forming a layer

comprising conjugated polymer material on a substrate, the polymer material

-

forming a field emission surface of the cathode.

The polymer material may be any of the polymer materials referred to
above with respect to the first aspect of the invention.

Specific embodiments of the present invention will now be described, by
way of example only, with reference to the accompanying drawings, in which:-

Fig. 1 is a graph of normalised or average field emission current density
(on a logarithmic scale of Acm™ on the vertical axis) against applied voltage for a
cathode embodying the present invention;

Fig. 2a is a graph of normalised field emission current density from a
cathode according to the present invention in A cm™? and a logarithmic scale on
the vertical axis against normalised applied electric field on the horizontal axis,
measured in volts per pm. Results are shown for three anode-cathode spacings,
the left-most line being for a spacing of 27um, the middle line for 47um and the
right-most line for 130um;

Fig. 2b is a graph of normalised field emission current density from a cathode

according to the present invention in A cm™ and a logarithmic scale on the vertical

AMENDED SHEET
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CLAIMS |

1. A field emission cathode comprising conjugath polymer material
forming a field emission surface.

!
2. A field emission cathode as claimed in claim | wherein the polymer

material is a substituted polythiophene. !

3. A field emission cathode as claimed in any préceding claim wherein the
polymer material comprises a polyalkylthiophene.

4. A field emission cathode as claimed in any preceding claim wherein the

polymer material comprises poly-3-octylthiophene.
5. A field emission cathode as claimed in any preceding claim wherein the
polymer material is formed as a layer on a substrate.

6. A field emission cathode as claimed in claim S, wherein the polymer

material layer is formed from a polymer solution which is distributed on the

substrate, the solvent being evaporated during manufacture to leave behind the

polymer layer.
7. A field emission cathode as claimed in claim 6!, wherein the solvent is

evaporated under vacuum.

8. A field emission cathode as claimed in claim 6 or claim 7, wherein the
!

surface of the polymer layer comprises voids which are chrmed by solvent
evaporation.
|
9. A field emission cathode as claimed in any of t":laims 1 to 7, wherein

the surface of the polymer material is shaped by use of a mould.

AMENDED SHEET
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10. A field emission cathode as claimed in claim|9 wherein the moulded
shape of the polymer material surface comprises projectigms which promote field

emission.
|
|

11. A field emission cathode as claimed in any preceding claim, wherein
the polymer material is doped with an electron donor material.

12. A field emission display comprising a field emission cathode as

claimed in any preceding claim.

13. A field emission display device as claimed 1ﬁ claim 12, comprising a
first anode separated from the cathode such as to be capable of causing field
emission therefrom, a second anode positioned beyond the first anode and a
luminescent screen, wherein electrons are selectively emitted from the cathode
under the influence of the first anode then accelerated onto the screen with
sufficient energy to cause it to luminescé by the second anode.

14. A method of fabricating a field emission cathode comprising forming
a layer comprising conjugated-polymer material on a substrate, the polymer
material forming a field emission surface of the cathode.

15. A method as claimed in claim 14, wherein a polymer solution is
distributed on the substrate and the solvent is evaporated to leave behind the

polymer layer.

16. A method as claimed in claim 15, wherein the solvent is evaporated

under vacuum. i
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17. A method as claimed in claim 15 or claim 16, comprising the further

step of shaping the surface of the polymer material by usje of a mould.

AMENDED SHEET
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